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ABSOLUTE COMBINATIONAL ENCODERS
COUPLED THROUGH A FIXED GEAR RATIO

BACKGROUND OF THE INVENTION

The present invention relates to apparatus and tech-
niques for measuring and indicating position and more
particularly to a digital encoder and position indicating
technique.

In the prior art, various techniques are known for
measuring and indicating the angular position of a shaft
during its rotation. Devices of this sort are known as
shaft position encoders and generally convert the angu-
lar rotation of a disk or drum into a digital code and
provide an electrical output signifying the shaft position
(different angular positions of the shaft). The electrical
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outputs representing the code may be produced by

patterns on the surface of a drum or disk which are
sensed by wipers, magnetic fields, Hall-effect transduc-
ers or other electrical apparatus, or by optical structures
such as light-emitting diodes and associated photo-
detectors.

In each configuration, the coded patterns include two
discrete areas, one of which represents a high digital
value (““1”) and the other of which represents a low
digital value (*0”). The coded patterns are constructed
such that a different pattern is generated at each mea-
sured angle of rotation of the shaft and the pattern is
detected by an appropriate sensor as the shaft rotates.
The coded patterns may be constructed as conducting
‘or insulating areas, reflecting or absorbing areas, trans-
mitting or blocking areas, or magnetic and non-mag-
netic areas, depending on the particular implementation
involved. Naturally, appropriate optical, electrical or
magnetic sensors must be used to sense the coded pat-

terns as is appropriate.
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In constructing encoders designed to measure the

angular position of a rotating shaft, two types of encod-
ers are generally used, namely, absolute and incremen-
tal. An absolute encoder includes a structure which
provides a unique digital word representing each posi-
tion of the shaft to be provided during its rotation. This
requires a significant increase in the number of coded
areas and the number of sensors needed as the resolution

of the encoder is increased. As a result, construction of 45

such an encoder requires an increase in its physical size
as more patterns are used, thereby limiting the ultimate
resolution capability of the device. In addition, the in-
crease in the number of sensors required to provide the
resolution makes the construction of such encoders
very expensive and in many cases impractical. The use
of absolute encoders to prowde high resolution has
therefore been discouraged in appllc:atlons requiring
small and low cost devices.

As an alternative to the absolute encoder, incremen-
tal encoders have also been used to indicate shaft posi-
tion. Such encoders operate to produce a signal indica-
tive of a transition from one shaft position to another
shaft position during rotation of the shaft. In contrast to
the absolute encoders, the incremental encoders do not
make a determination of absolute shaft position. Rather,
they measure shaft rotation from an arbitrary starting
position. Typically, the number of transitions from one
shaft position to another are counted and stored so that
any shaft position with respect to an arbitrary initial
position may be calculated.

In one prior art technique disclosed in U.S. Pat. No.
4,041,483, assigned to the same assignee as this applica-
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tion, a hybrid encoder is disclosed which provides an
indication of absolute shaft position using an incremen-
tal encoding process. The technique employs dual disks
having concentric rings formed on each disk. The outer
ring on each disk includes an equal number of reflecting
and non-reflecting areas, while the inner ring of each
disk includes only one small reflecting area. The disks
are coupled for rotation with respect to one another by
a predetermined ratio and signal outputs are developed
during transition from a reflecting to non-reflecting
area. These signals are used to drive counters which are
proportional to shaft position.

In the above disclosed technique, absolute position of
the shaft may be determined but the shaft must be ro-
tated to provide a number of transition signal outputs
before that absolute position can be identified. Thus,
although the encoder is constructed so that absolute
positioning data may be calculated at numerous discrete
locations, the configuration still requires some knowl-
edge of the previous location to determine current loca-
tion, or some minimum amount of motion before the
encoder becomes functional. The encoder also requires
additional circuitry for counting the transition states
between shaft positions as the encoder is rotated,
thereby leading to error in the output if any transition
states are missed. As in conventional incremental en-
coders, the above encoder requires continuous sampling
or nearly continuous sampling so that no state changes
are missed.

While incremental encoders may be used in many
environments, their cost and reliability is unacceptable
in many current electronic systems requiring digital
shaft position encoding with low cost and small size.

‘There is therefore a continuing need for absolute encod-

ers which provide a digital representation of position
regardless of prior motion of the encoder without the
need for a recognition of transition or state changes
during shaft rotation. The invention has therefore been
developed to overcome the shortcomings of the above
known and similar techniques and to provide a more
accurate and higher resolution absolute encoder.

SUMMARY OF THE INVENTION

In accordance with the present invention, an absolute
encoder may be formed by combining two or more
individual absolute encoders to produce greater resolu-
tion related by a multiplication of the individual resolu-
tions, yet with an increase in size by only the sum of the
individual encoder sizes. The encoder is constructed by
coupling two or more individual encoders by a fixed
gear ratio where the gear ratio may be chosen to signifi-
cantly simplify the mechanical design and packaging of
the encoder. In a preferred embodiment, the most useful
gear ratios are those which approach 1:1 and 2:1. In this
particular embodiment, the positions represented by
each encoder corresponds to the number of teeth on the
gear driving that particular encoder. The resolution, as
represented by the total number of positions which may
be achieved by the combined encoders, is calculated by
mulitiplying the number of positions represented by
each encoder. Each position is unique and does not rely
on previous knowledge of any other sensed position or
require any rotation in order to provide an output repre-
sentative of the angular position of a shaft.

It is therefore a feature of the invention to provide a
simple and inexpensive absolute encoder.
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It is another feature of the invention to provide an
absolute encoder formed by a combination of encoders
which has a reouceo size and greater resolution than an
equivalent prior art absolute encoder.

Another feature of the invention is to provide an
absolute encoder which promotes easy packaging, sim-
plified operation, and reduced weight.

Still another feature of the invention is to provide an
absolute encoder which is formed from a combination
of individual absolute encoders coupled by a fixed gear
ratio to produce an encoder having a resolution propor-

" tional to a multiplication of the individual encoder reso-
lutions.
A still further feature of the invention is to provide an

absolute encoder which provides improved resolution
without reliance upon movement, sampling, or knowl-
edge of the encoder from a prior position.

Yet another feature of the invention is to provide a
multiple drum absolute encoder which may be easily
assembled for increased resolution.

These and other advantages and novel features of the
invention will become apparent from the following
detailed description when considered with the accom-
panying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an absolute
combinational encoder in accordance with the present
invention.

- FIG. 2 is a table showing one example of individual
.-.encoder positions and their relation to shaft position for
. providing a coded position output.
. FIG. 3aq is a schematic side-sectional view of one
-implementation of an absolute combinational encoder.
-~ FIG. 3bis a schematic cross-sectional end view of the
implementation of FIG. 3a.
 FIG. 3cis a top view of a flattened drum surface used
- as one of the encoding drums in the encoder of FIG. 3a.
.. FIG. 4 is a schematic diagram showing a muitistage
~encoder in accordance with the inventive technique.

 DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring first to FIG. 1, there is shown a schematic
diagram which broadly depicts the configuration of an
absolute combinational encoder 9 in connection with
the present invention. The combinational encoder 9
includes a first individual absolute encoder 10 having an
output A representing a number of specific positions
indicated by that encoder in response to a rotational
position of a shaft. The combination encoder 9 also
includes a second individual absolute encoder 12 having
an output B which represents each of the individual
positions indicated by the encoder 12 in response to
shaft rotation. The encoders 10 and 12 are coupled to
gears 14 and 16, respectively, which are positioned with
respect to one another so that gear 14 of absolute en-
coder 10 meshes with gear 16 of absolute encoder 12.
Gears 14 and 16 may then be coupled to be driven by a
gear 18 which may in turn be coupled to a rotating shaft
20 for which the angular position is to be indicated.

Normally, the angular position of the shaft 20 is rep-
resented as an input position P and that nomenclature
will be used throughout the following description. For
a short description of the prior art, reference will be
made to a portion of FIG. 1 including elements 10, 14,
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18 and 20. In the prior art, the shaft 20 would normally -

be used to rotate the gear 18 and thereafter drive the

4

gear 14 to increment an absolute encoder 10 so that
particular angular positions P of the shaft 20 could be
resolved and displayed in digital format by the encoder
10 at its output A. By way of example, a typical encoder
may include a disk having coded patterned areas over
its surface and one or multiple sensors which indicate
the position of the disk by sensing the code located at
the particular position detected by the sensor. As will be
understood, as the input shaft 20 is rotated, for each
position P, there is a corresponding output position A
represented by the coded patterned areas on the surface

of the rotating disk of encoder 10. For low resolution,
only a small number of positions need to be coded on

the surface of the disk, thereby requiring only a small
number of sensors to detect shaft positions.

While the above configuration operates well for low
accuracy measurements of shaft position, it can be seen
that problems are encountered as greater resolution of
shaft position is required. Thus, for multiple turns of
shaft 20, an increasing number of coded positions is
necessary on the encoding disk of encoder 10 in order to
provide an absolute output of shaft position P from
output A. As the resolution increases and the number of
positions follows that increase, a larger disk is required
in encoder 10 to produce unique values representing the
many positions P of the input shaft 20. Along with the
increase in size, there is also an increase i the number
of sensors and related circuitry needed to decode posi-
tion thereby leading to a significant increase in the cost,
complexity and weight of such high resolution absolute
encoders. Although the absolute encoders provide a
simple output which can be easily converted to an indi-
cation of position, the above drawbacks have limited its
application in many new electronic systems.

In accordance with the present invention, by cou-
pling two or more individual absolute encoders 10 and
12 together through gears 14 and 16, which have a fixed
gear ratio, and then driving the gears in response to the
rotation of a shaft 20, the resolution of the system can be
increased to a value proportional to the number of posi-
tions sensed by encoder 10 multiplied by the number of
positions sensed by encoder 12. In the present example,
if the number of positions sensed by encoder 10 is desig-
nated as NI and the number of positions sensed by en-
coder 12 is designated as N2, then the total number of
positions P which can be indicated by the combinational
encoder can be expressed as P=N1XXN2.

In implementing the absolute combinational encoder
in accordence with the above teachings, several rela-
tionships must be observed to produce a functional
encoder. In the case of two encoders forming the com-
binational encoder, if we define N1=M XK, then N2
must equal (N1/M)—1 where N1, N2, M and K are
integers. While the choice of gear ratios does not have
any effect on the resolving capability of the combina-
tional encoder, it does effect the relative coding scheme
between the two original encoders as well as the con-
struction and configuration of the mechanical assembly.
Under the above constraints, it has been found that the
most preferable gear ratio is that of N1:N2 which allows
relative gear ratios of nearly 1:1 and 2:1 when M has
values of one and two, respectively. In this particular
configuration, the gearing is simplified and easily imple-
mented in connection with the multiple position encod-
ers 10 and 12.

Referring now to the table of FIG. 2, an example of
a simple absolute combinational encoder constructed in
accordance with the above requirements is shown. In
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the example of FIG. 2, the value for M is chosen as one
and the value for K is chosen as 8, thereby leading to a

value of N1=1X8=8. The gear ratio is then set at

N1:N2 where N2=(N1/M)—1=(8/1)—1=7. The ab-
solute encoder 10 is thus an eight position encoder

which may be driven by a gear 14 having eight teeth

and the absolute encoder 12 is a seven position encoder
which may be driven by a gear 16 having seven teeth.
The number of shaft positions that may be defined by
this encoder is then P=N1XN2=8X7=56. The abso-
lute combinational encoder 9 may thus provide 56
uniquely encoded positions using only a simple mechan-
ical combination of the two eight and seven-position
encoders 10 and 12.

Each of the above 56 positions can be uniquely identi-
fied as will be apparent by reference to the table of FIG.
2. As shown in the table, the headings of the vertical
columns labeled 1 through 8 represent the positions of
absolute encoder 10 as would be provided by the output
A of that encoder. Each of the diagonally divided
blocks in the horizontal rows represent (a) individual
positions of the absolute encoder 12 as provided by the
output B (upper diagonal section) and (b) the position P
(lower diagonal section) of the input shaft 20. Posi-
tioned along the left-hand side of the table is an addi-
tional indication of the number of turns made by the
absolute encoder 10 as it relates to defining each of the
input shaft positions P.

Recognizing in the present example that the gear 14
has the same number of teeth as the number of positions
indicated during one rotation of absolute encoder 10,
and that the gear 16 has the same number of teeth as the
number of positions represented by one rotation of the
. absolute encoder 12, it can easily be seen that each
increment produced by the rotation of the input shaft 20
may rotate gear 14 to move encoder 10 one position and
produce a correponding movement through gear 16 to
move encoder 12 through one position. During the first
- seven position changes 20 of the encoder 10, the en-

=+ coder 12 moves the same number of corresponding

. positions as evidenced by the A position numbers corre-
sponding to the B position numbers in the upper diago-
nal sections in the first horizontal row. As the absolute
encoder 10 increments to the eighth position, the abso-
lute encoder 12 returns to its first position due to its one
less position and corresponding coupling through gear
16 with one less tooth. The input position P correspond-
ing to the last position of encoder 10 is therefore
uniquely defined by the eighth position of encoder 10 at
output A and the first position of encoder 12 at output
B. Likewise, after one complete revolution of the en-
coder 10, that angular position P of the input shaft 20 is
uniquely represented by the first position of encoder 10
at output A and the second position of encoder 12 at
output B. It should be particularly noted, that although
the present example has been defined with gears differ-
-ing by only one tooth, the exact number of teeth on each
gear is not critical so long as the gear ratio remains fixed
to achieve the defined operation. Thus, for example, the
~ above embodiment could also be implemented with
gears 14 and 16 having 16 and 14 teeth, respectively, or
any other multiple fixing the 8:7 gear ratio.

As the input shaft 20 continues to rotate each of the
encoders 10 and 12 through the fixed gear coupling,
each of  the successive positions P of the shaft 20 is
represented by a unmique combination of outputs A and
B from encoders 10 and 12. Only after the encoder 10
has rotated seven complete revolutions does the combi-

6

nation of outputs from A and B return to that same
combination as encountered at the start. Thus, after 56
unique shaft positions P have been defined by the com-
binatton of outputs A and B, the encoder will repeat the
same combination of outputs A and B and therefore be
unable to distinguish from prior shaft positions. The
resolution of the exemplary encoder having N1=8 and
N2=7 1s therefore limited to the 56 discrete positions

- defined by the combination of A and B outputs from the
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encoders 10 and 12.
By referring to the table of FIG. 2, it can thus be seen

that the shaft position P as represented in the lower

diagonal section of each horizontal row can be easily
defined by decoding the combination of outputs A and
B. By way of example, the thirtieth increment of the
input shaft 20 (which occurs in the fourth rotation of the
encoder 10 at the sixth position of encoder 10 and the
second position of encoder 12), may easily be encoded
with the knowledge that the sixth position of encoder A
and second position of encoder B only occur at that
thirtieth increment. In a like manner, all other incre-
mental positions from one to 56 may be decoded by
knowing the position of encoder 10 and position of
encoder 12 to produce an absolute output of position P.

In order to implement the above combinational en-
coder, a variety of configurations may be employed.
For example, individual disks having a predetermined
number of positions each defined by a binary pattern on
the face of each disk could be driven by gears having
the above described ratio. Each of the gears for encoder
10 and 12 could be coupled to drive one another in the
manner indicated and coupled to an input shaft 20 for
rotation as described. A series of sensors located adja-
cent each disk could then be used to sense the position
and provide a readout of each of the individual positions
from encoder 10 and encoder 12. The outputs A and B
from encoder 10 and encoder 12 could then be coupled
to a processor or other conventional logic decoding
circuitry designed to provide an indication of position P

- upon the receipt of the two unique signals from encoder

10 and encoder 12. |

Although other implementations could be employed,
a preferred embodiment is that of a multiple drum con-
struction schematically shown in FIG. 3. The drum
construction allows a more compact and simplified
structure to be employed, thereby reducing the size,

- weight, and complexity of the final combinational en-
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coder. In the example shown in FIG. 3a, each of the
encoders 10 and 12 are illustrated as individual drums 10
and 12. The drum 12 may be a portion of a cylinder
having an open end 124 and an end plate 126 mounted
to a shaft 22 to enable rotation of the cylindrical portion
12 about an axis defined by shaft 22. Shaft 22 has a
circular gear 16 fixed to one end to enable rotation of
the shaft 22 and drum 12 as will be subsequently de-
scribed. Using the example of the 56-position encoder
described previously, the gear 16 would include seven
teeth equally spaced about its periphery and rotate si-
multaneously with shaft 22 and drum 12.

In a similar manner, drum 10 may be a portion of a
cylinder having an open end 10aq and an end-plate 105
having an opening 24 rotatably receiving shaft 22 so
that drum 10 is coaxial with the axis formed by shaft 22
and allows rotation of drum 10 about that axis indepen-
dent of the rotation of drum 12. A second gear 14 is
mounted coaxial with the drum 10 to the end 105 for
rotation with the drum 10. Again, using the example of

the above-referenced 56-position encoder, the gear 14
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may be formed to have eight teeth equally spaced about
its periphery. A cross-sectional end view of the combi-
national encoder, looking along the shaft 22, from the
point defined by the line 36—3b would generally appear
as shown in FIG. 3b.

Referring now to FIG. 3¢, there is shown the surface
32 of a drum as it would appear if it were unrolled to
form a flat surface. In this example, each posttion 1is
defined by a series of binary patterns representing ones
and zeroes across the width of the strip (29, 21, and 22
representing the respective binary positions). The actual
position is indicated schematically for reference by the
numbers 1 through 8 along the length of the strip in
FIG. 3c. In the present example, the zeros (low digital
value) may be represented by a non-transmitting por-
tion 30a of the drum surface 32 and the ones (high digi-
tal value) represented by an aperture 306 in the drum
surface 32 which allows light transmission through the
drum surface 32. The example of FIG. 3¢ shows only
the surface of drum 10 having eight positions defined
over one rotation of the drum surface, it being apparent
that the drum 12 would be similarly configured to have
seven positions defined by the pattern over one rotation
of its surface. The patterns are formed to correspond to
each of the positions defined by the eight and seven
tooth gears 14 and 16, respectively.

To enable sensing of the individual positions of each
of the drums 10 and 12, a series of mounted light-emit-
ting diodes 33 may be linearly arranged along the mner
surface 34 of the drums 10 and 12, respectively, so that
the diodes are parallel to the shaft 22 and positioned
adjacent the inner surface 34 of each of the drums 10
and 12. The diodes may be attached to a base plate for
support as schematically shown and the plate held sta-
tionary within the structure in any conventional man-
ner. An aperture plate 35 may be positioned in opposed
parallel relationship to the linear arrangement of photo-

‘diodes 33, but adjacent the outer surface 32 of each of

the drums 10 and 12. The aperture plate 35 provides a
series of apertures aligned between the diodes 33 and
phototransistors 36, each providing a narrow slit for
restricting the transmission of light from the photodi-
odes 33 through the openings 306 and thence to an
associated phototransistor on phototransistor board 36
which receives the binary encoded positions defined by
the pattern of apertures 30b. The phototransistor board
36 may include a linear series of conventional photo-
transistors having a number equal to that of the photodi-
odes 33 and lying in opposed relationship to the photo-
diodes 33 parallel to shaft 22 and adjacent the aperture
plate 35. Again, the plates 35 and 36 are only schemati-
cally shown, it being apparent that these could be held
In a stationary position within the structure by any
conventional fastening technique.

As will be understood with reference to FIG. 3z and
3b, as each drum rotates, the pattern defined at each
position along the surface 32 of the drum allows the
transmuission of light through apertures 306 or prevents
the transmission of light through the other binary posi-
tions 30q with each position defined by a unique combi-
nation of transmitting and non-transmitting areas 305
and 30a. The binary number represented by that pattern
1s sensed by the phototransistors 36 and may then be
coupled to an external microprocessor or other conven-
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an input shaft as was previously described. The photo-
transistor board 36, aperture plate 35, and photodiode
assemblies 33 may be mounted within a cylindrical cas-

8
ing 38 in any conventional manner to form a conve-
niently packaged encoder assembly. Coupling terminals
or wires may then be attached individually to the photo-
transistors and photodiodes and coupled externally
through the casing 38 to provide the required power for
photodiode and phototransistor operation.

Input from a shaft 20 for which the position P 1s to be
sensed may then be provided by numerous means of
coupling to the gears 14 and 16. In the example shown
in FIG. 3q, an input shaft 20 has a gear 42 located at one
end thereof. The gear 42 is then coupled to an idler gear
44 (schematically shown) which rotates in response to
rotation of the input shaft 20 and is coupled to both the
gear 14 and gear 16. Thus, as the input shaft 20 rotates
and in turn rotates gear 42, the 1dler gear 44 moves gears
14 and 16 each through one position. Since the gear
teeth are coordinated with the patterns on the surface of
the drums so that each tooth position represents one
position of the encoders 10 and 12, movement of the
idler gear will rotate drum 10 and drum 12 through one
position each in synchronism with one another. In this
manner, the series of positions as defined by the table in
FIG. 2 will be generated and enable the position of
input shaft 20 to be accurately defined. Naturally, as the
number of positions defined by the patterns on the sur-
face 32 of the drum illustrated in FIG. 3¢, is increased,
so will be the resolution of the encoder.

In the above description, in order for the encoders to
provide error-free operation, the drums 10 and 12 must
be detented (in any conventional manner) so that the
position changes for each drum 10 and 12 occur simuita-
neously. If certain constraints are followed, however,
the need for detents may be avoided in construction of
the above encoders. More particularly, if N1 and N2
each have common factors, e.g., N1=K(N1') and

=K(N2") where N1’ and N2’ are acceptable numbers
established in accordance with the previous constraints,
then an encoder may be constructed with
2K(N1’' X N2') positions without the need for a detent.
Specifically, this may be accomplished by positioning
one encoder one-half position displaced with respect to
the position of the other encoder. When this configura-
tion is constructed, the shift ensures that the two encod-
ers never change state at the same time, thereby always
producing an ambiguity only at one of the borderline
conditions where the potential error i1s limited solely to
each adjacent position and not some position a whole
turn or more away. This situation essentially reduces
the ambiguity so that no actual error in output will
occur. When the encoder is constructed in this manner,
the structure 1s defined as a non-detenting encoder and
is characterized by the lack of a requirement that the
two encoders change positions at the same time.

While the above combinational encoder has been
described with respect to only two absolute encoders,
the construction of other combinational encoders with
more than two absolute encoders is also obtainable. For
example, the configuration could be that as schemati-
cally shown in F1G. 4. In this instance, a simple m-stage
encoder has absolute encoders 52, 54, . . . 56 having
positions N1, N2, ... Nm, respectively and being driven
by gears 58, 60, . . . 62, respectively. Idler gear X may
then drive each of the gears 58, 60, . . . 62 and itself be
driven by shaft 20. The gear ratios are shown as N1:X,
N2:X, ... Nm:X. For a detented encoder, the number of
unique positions that could be defined would be equal to
the product of the individual positions and thus
N1XN2X. .. Nm. For a non-detented encoder, the.
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number of positions which are obtainable is related by a
different formula consistent with the constraints im-
posed. Thus, in a multistage encoder wherein the num-
ber of stages 1s designated by the number m and the
positions on each stage designated as Nx and each
Nx=Nx'K where x is a positive integer=1 and K is the
common factor needed to produce the non-detenting
situation, the number of unique positions obtainable is

equal to Km(N1'XN2'XNJ3' ... Nm’). In all cases the

gear ratios would be maintained in accordance with that
previously described.

Although the multistage encoder is stmply shown as
a combination of individual absolute encoders in FIG.
4, 1t will be apparent that other configurations may be
employed. If each combination of two encoders (as set
forth in FI1G. 1) 1s 1tself considered a single encoder, for
example, it may then be combined with another set of
two encoders treated as an individual encoder. The gear
ratios may then be determined by treating each combi-
nation as an individual encoder and following the previ-
ously-mentioned teachings. In this manner, any number
of combinations of individual encoders can be com-
bined and the necessary gearing determined using the
same rules as applied to the example of FIG. 1.

While the above structure has been shown with refer-
ence to an optical device, it is apparent that other con-
figurations could be employed for defining and sensing
~ the patterns representing the position on the surfaces 32

- of the drums. Thus, the electrical, mechanical and mag-
netic implementations previously utilized in the prior
art, could also be employed to provide the pattern sens-
ing 1n the exemplary embodiment. Also, while the num-
ber of positions defined by the drum surfaces is only
limited by those constraints previously mentioned, it is
generally more efficient in terms of size, cost and parts
count if the value for N1 is a power of two, and the
value for M is chosen as one or two. When this relation-
ship is maintained, N2 will be very close to a power of
two, which will maximize the volumetric efficiency of
- the encoder. As was previously mentioned, when the

- gear ratio is fixed at N1:N2, the number of combinations

-which may be employed to produce encoder outputs is
very large. It is not necessary that N2=(N1/M)—1 in
this instance, the only restriction being that N1 and N2
are not factors of each other. If J is the largest common
factor of N1 and N2, the number of uniquely encoded
positions that may be obtained is (N1XN2)/J for a
detented encoder and 2(N1X N2) / J for a non-detented
encoder.

As can be seen by the above description, the present
- invention provides an absolute combinational encoder
which 1s capable of providing higher resolution with a
reduction in the size, weight, and complexity of the
encoding structure. The assembly combines several
- absolute encoders in a2 manner which makes the resolu-
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fined. This allows simpler decoding of the encoder
outputs, thereby reducing the number of peripheral
devices required for position calculation and display.
The size, weight, and configuration allows use in a
variety of applications including motor drive circuits
and any other devices from which position may be
defined by shaft rotation. These are all features that are
not suggested or taught in the prior art.

Obviously, many other modifications and variations
of the present invention are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention
may be practiced otherwise than as specifically de-
scribed.

What is claimed is:

1. An encoder having improved resolution compris-
ing:

first means for providing a predetermined number of

output position indications, said first means com-
prising a first absolute encoder having a first prede-
termined number of output positions N1, where
N1=K(M) and K and M are integer= 1, where M
1s a selected one of the integers 1 and 2;

at least one second means for providing a different

predetermined number of output position indica-

tions, said second means comprising a second abso-
lute encoder having a second predetermined num-
ber of output positions N2 where N2=(N1/M)—1;
and
means for coupling said first and second means to one
another for providing a predetermined number of
combined output position indications proportional
to the product of the number of output position
indications of said first and second means, said
means for coupling including a first gear coupled to
drive said first absolute encoder and a second gear
coupled to said first gear and coupled to drive said
" second absolute encoder, said first and second
gears having a gear ratio selected to be N1:N2.
2. The apparatus of claim 1 wherein said first gear has
a number of teeth equal to N1 and said second gear has
a number of teeth equal to N2.
3. The apparatus of claim 1 wherein said first and
second means are each disks having predetermined

- coded patterns on a surface thereof representing said

50

predetermined number of positions.

4. The apparatus of claim 1 wherein said at least one
second means 1s a plurality of second means, each pro-
viding a predetermined number of output position indi-

~cations.

55

tion proportional to a product of the number of posi-

tions resolved by the individual encoders, yet only re-
quires a configuration equal to the sum of the individual
encoders. The absolute combinational encoder may be
easily constructed using readily available components,
thereby making the structure simple and inexpensive.
Various configurations may be employed to produce
the same benefits of increased resolution, yet allowing
different configurations to be used in environments as
required. The encoder provides a definition of shaft
position absolutely without requiring any specific
knowledge of previous shaft position or any rotation of
the encoder by any amount before shaft position is de-

60

65

S. The apparatus of claim 1 wherein each of said
predetermined number of position indications in said
first and second means is represented by a coded pattern
and further including means for sensing each of the
coded patterns of said first and second means.

6. The apparatus of claim 5 wherein said first means
includes a first drum having a predetermined number of
optical patterns over its surface, each pattern represent-
ing an absolute output position; and said second means
includes a second drum having a predetermined number

- of optical patterns over its surface, each corresponding

to an absolute output position. | |

7. The apparatus of claim 6 further including:
means for detecting each of the optical patterns asso-
ciated with said first means and providing an out-

put thereof; and
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means for detecting each of the optical patterns asso-
ciated with said second means and providing an
output thereof;

means for combining the outputs of said detecting

means for providing said predetermined number of 3
combined output position indications.
8. A shaft position encoder comprising;:
first means for providing a predetermined first num-
ber of absolute output positions N1 in response to
movement thereof, where N1=K(M)and Kand M 10
are integers= 1;

second means for providing a predetermined second
number of absolute output positions N2 in response
to movement thereof, where N2=(N1/M)—I;

means for coupling said first and second means to one
another to provide a predetermined number of
absolute positions formed by a combinatton of the
output positions from said first and second means
which is proportional to the product of the number
of absolute output positions of said first and second
means, said means for coupling including first and
second gear couple to said first and second means,

.respectively, and having a gear ratio fixed at

N1:N2; and

means responsive to a shaft for moving at least one of
said first and second means to produce said combi-
nation of output positions representing shaft posi-
tion.

9. The apparatus of claim 8 wherein said first gear has
a number of teeth equal to N1, said second gear has a
number of teeth equal to N2, said first and second gears
are coupled to one another, and a third gear is coupled
to a shaft and to one of said first and second gears for
rotation thereof.

10. The apparatus of claim 8 wherein said means for
coupling further includes an idler gear coupled to each
of said first and second gears and said means responsive
to a shaft comprises a gear coupled for rotation with a
shaft and coupled to drive said idler gear.

11. The apparatus of claim 10 wherein said combina-
‘tions of outputs each represent a unique position of said
shaft.

12. The apparatus of claim 8 wherein said first means
is an absolute encoder having a coded pattern represent-
ing each of said predetermined positions and said sec-
ond means is an absolute encoder having a coded pat-
tern representing each of said predetermined positions
and said means for coupling comprises a first gear cou-
pled to move the absolute encoder of said first means
and a second gear coupled to move said absolute en-
coder of said second means.

13. The apparatus of claim 12 wherein said absolute
encoders are drum encoders.
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14. A shaft position encoder comprising:

first means for providing a predetermined first num-
ber of absolute output positions N1 in response to
movement thereof, where N1=K(M) and K and M
are integers > 1;

second means for providing a predetermiend second
‘number of absolute output positions N2 in response
to movement thereof, where N2=(N1/M)—I;

means for coupling said first and second means to one
another to provide a predetermined number of
absolute positions formed by a combination of the
output positions from said first and second means
which is proportional to the product of the number
of absolute output positions of said first and second
means, said means for coupling including first and
second gears coupled to said first and second
means, respectively, said first gear having a num-
ber of teeth equal to N1 and said second gear hav-
ing a number of teeth equal to N2, said gears hav-
ing a gear ratio fixed at N1:N2; and

means responsive to a shaft for moving at least one of
said first and second means to produce said combi-
nation of output positions representing shaft posi-
tions.

15. In a shaft position encoder having a rotating shaft
coupled to an absolute encoder such that for each incre-
ment of shaft rotation by a predetermined amount the
encoder provides a unique output representing shaft
position for that increment, the improvement in the
absolute encoder comprising:

a first absolute encoder providing a first predeter-
mined number of position outputs N1 where
N1=K(M) and K and M are integers=1 and M 1s
a selected one of the integers 1 and 2;

a second absolute encoder providing a second prede-
termined number of position outputs N2 different
from said first encoder, wherein N2=(N1/M) - 1;
and

means for coupling said first absolute encoder to said
second absolute encoder to form an absolute com-
binational encoder for producing a plurality of
unique outputs representing shaft positions, each
formed by a combination of one position output
from each encoder, and proportional to the prod-
uct of the number of position outputs of said first
and second absolute absolute encoders, said means
for coupling a first gear coupled to drive said first
encoder and a second gear coupled to said first
gear and coupled to drive said second encoder, said
first gear having a number of teeth equal to N1 and
said second gear having a number of teeth equal to
N2, and said first and second gear having a fixed

* gear ratio N1:N2.

i
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